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EDITORIAL 
 
Sperm DNA fragmentation in miscarriage – a promising diagnostic, or a test too far? 
 
The scientific basis for diagnostic testing for sperm DNA fragmentation (SDF) is a topic that seems to 
return frequently for debate and discussion (Lewis, 2015; Drobnis and Johnson, 2015).  The essential 
question is: does SDF analysis add useful additional information – beyond that obtained from basic 
semen analysis – sufficient to change patient diagnosis, therapy and/or understanding of prognosis? 
Currently for subfertility, the guideline answer is no (Barratt et al., 2010; Practice Committee of the 
American Society for Reproductive Medicine, 2013).  
 
Recurrent pregnancy loss (RPL) is generally viewed as a condition distinct from sporadic miscarriages. It 
is estimated that 5% of women experience two consecutive miscarriages, and approximately 1% suffer 
three or more consecutive miscarriages (Rai and Regan, 2006; Practice Committee of the American 
Society for Reproductive Medicine, 2012). The answer to the question of whether some of the 
unexplained cases could be due to the quality of the sperm DNA and/or its packaging is proving 
enigmatic. 
 
There are two main problems with current SDF studies. First, there are 4 main techniques for assaying 
SDF or chromatin properties, which actually assay quite different parameters: single cell gel 
electrophoresis assay (SCGE, also known as Comet), sperm chromatin structure assay (SCSA), TdT- 
mediated dUDP nick-end labelling (TUNEL) and sperm chromatin dispersion (often known as HALO). 
Each of these tests may individually be measuring something that does or does not provide prognostic 
value – though all are interrelated to a greater or lesser extent via properties of the DNA – but what is 
certain is that they do not measure exactly the same thing. These assays are also interrelated to 
protamine deficiency via effects on chromatin structure (Ni et al., 2016), adding further complexity to 
the repertoire of related tests. 
 
DNA becomes fragmented for a number of reasons, for example abortive apoptosis (programmed cell 
death) (Sakkas et al., 2003), environmental exposure to toxins, fever, or defects in packaging (Aitken et 
al., 2014). An advantage of SDF testing in idiopathic recurrent pregnancy loss is that usually the men 
are normozoospermic, so, unlike the situation in subfertility, no other useful and widely applicable 
male seminal parameter exists. In a paper in this issue (Carlini et al., 2017) the authors demonstrate 
that semen samples from couples experiencing RPL have higher SDF than do samples from either males 
diagnosed as infertile (Ctrl 1) or fertile males (Ctrl 2). The authors also reported a significant positive 
correlation between the number of RPL events and an elevated level of SDF. Of interest is that male 
age was also higher for the group of patient couples with 4 – 6 RPL events, as SDF levels are known to 
increase with age (Schmid et al., 2007; Alshahrani et al., 2014; Soares et al., 2014). 
 
SDF testing also raises the possibility that changes in male lifestyle and nutrition, or an intervention 
such as dietary supplementation, may alleviate the damage and therefore avert further pregnancy 
losses (see, for example, Tremellen et al., 2007; Showell et al., 2014;  Dattilo et al., 2016). It is also 
important to bear in mind additional potential complexities of dietary effects linked to pesticide 
exposure that have recently been suggested to affect male parameters (Chiu et al., 2016). Effects 
related to simple factors such as abstinence, which affect other standard sperm parameters (Bahadur 
et al., 2016) and DNA (De Jonge et al., 2004) also need to be considered. 
 
A number of systematic reviews over recent years have examined the effect of sperm SDF on 
IUI/IVF/ICSI outcome (Zini et al., 2011; Osman et al., 2015) but have failed to reach a firm conclusion. 
The latest systematic review (Simon et al., 2016) found a significant adverse effect of sperm DNA 
damage on clinical pregnancy rate that varied depending upon the type of assay used. In 2012 a 
systematic review first confirmed a link between sperm DNA damage and miscarriage (Robinson et al., 
2012) spawning a number of subsequent studies, some of which have demonstrated no evidence for 
the link (Coughlan et al., 2015) and others such as that published in this issue (Carlini et al., 2017) 
which further support the findings of the 2012 systematic review (Zidi-Jrah et al., 2016; Bareh et al., 
2016). 
 
The apparent complexity of studying the effect(s) of DNA fragmentation on fertility is highlighted in 
Figure 3 of the paper, where it is seen that (i) almost 50% of the fertile group (Ctrl 2) has high SDF, and 
(ii) the infertile (Ctrl 1) and RPL groups have an equivalent percentage of high SDF (cutoff established 
by Ctrl 2).  In fact, a cursory comparison of the distribution presented in Figure 2 suggests that Ctrl 1 
has a broader plateau of elevated SDF compared to the other two groups. These observations mean 
that SDF cannot be considered a predictive factor for the risk of RPL.  
 
Reproductive medicine does a great disservice to patients when discussing or presenting any of the 
myriad tests and data as equal to any other based on coalescence of differing evidence.  The time has 
been reached where well-organized data supporting individual tests with prescribed methodology 
(Barratt and De Jonge, 2010,; Carrell and De Jonge, 2016) is required, along with associated data-
assessing efficacy and mechanism of subsequent therapies. In the meantime any clinical offer of SDF 
testing should make clear to the patient the data supporting that specific test, but the time may indeed 
be arriving where the potential of SDF testing finally starts to be realized. 
 
Note added: as this editorial was going to press we learned the sad news of the death of Loredana 
Gandini. Our sincere condolencies to her family and colleagues [http://www.dire.it/06-10-2016/80219-
medicina-della-riproduzione-addio-loredana-gandini/] 
 
References 
 
Aitken, R. J., T. B. Smith, M. S. Jobling, M. A. Baker and G. N. De Iuliis (2014). "Oxidative stress and male 
reproductive health." Asian J Androl 16(1): 31-38. 
Alshahrani, S., A. Agarwal, M. Assidi, A. M. Abuzenadah, D. Durairajanayagam, A. Ayaz, R. Sharma and 
E. Sabanegh (2014). "Infertile men older than 40 years are at higher risk of sperm DNA damage." 
Reprod Biol Endocrinol 12: 103. 
Bahadur, G., O. Almossawi, R. Zeirideen Zaid, A. Ilahibuccus, A. Al-Habib, A. Muneer and S. Okolo 
(2016). "Semen characteristics in consecutive ejaculates with short abstinence in subfertile males." 
Reprod Biomed Online 32(3): 323-328. 
Bareh, G. M., E. Jacoby, P. Binkley, T. C. Chang, R. S. Schenken and R. D. Robinson (2016). "Sperm 
deoxyribonucleic acid fragmentation assessment in normozoospermic male partners of couples with 
unexplained recurrent pregnancy loss: a prospective study." Fertil Steril 105(2): 329-336 e321. 
Barratt, C. L., R. J. Aitken, L. Bjorndahl, D. T. Carrell, P. de Boer, U. Kvist, S. E. Lewis, S. D. Perreault, M. J. 
Perry, L. Ramos, B. Robaire, S. Ward and A. Zini (2010). "Sperm DNA: organization, protection and 
vulnerability: from basic science to clinical applications--a position report." Hum Reprod 25(4): 824-
838. 
Barratt, C. L. and C. J. De Jonge (2010). "Clinical relevance of sperm DNA assessment: an update." Fertil 
Steril 94(6): 1958-1959. 
Carrell, D. T. and C. J. De Jonge (2016). "The troubling state of the semen analysis." Andrology 4(5): 
761-762. 
Tania Carlini, Donatella Paoli, Marianna Pelloni, Fabiana Faja, Alessandro Dal Lago, Francesco 
Lombardo, Andrea Lenzi, Loredana Gandini, 2017. Sperm DNA fragmentation in Italian couples with 
recurrent pregnancy loss.  Reprod. Biomed. Online 34 (in this issue). 
Chiu, Y. H., A. J. Gaskins, P. L. Williams, J. Mendiola, N. Jorgensen, H. Levine, R. Hauser, S. H. Swan and 
J. E. Chavarro (2016). "Intake of Fruits and Vegetables with Low-to-Moderate Pesticide Residues Is 
Positively Associated with Semen-Quality Parameters among Young Healthy Men." J Nutr 146(5): 1084-
1092. 
Coughlan, C., H. Clarke, R. Cutting, J. Saxton, S. Waite, W. Ledger, T. Li and A. A. Pacey (2015). "Sperm 
DNA fragmentation, recurrent implantation failure and recurrent miscarriage." Asian J Androl 17(4): 
681-685. 
Dattilo, M., D. Giuseppe, C. Ettore and Y. Menezo (2016). "Improvement of gamete quality by 
stimulating and feeding the endogenous antioxidant system: mechanisms, clinical results, insights on 
gene-environment interactions and the role of diet." J Assist Reprod Genet. 
De Jonge, C., M. LaFromboise, E. Bosmans, W. Ombelet, A. Cox and M. Nijs (2004). "Influence of the 
abstinence period on human sperm quality." Fertil Steril 82(1): 57-65. 
Drobnis, E. Z. and M. Johnson (2015). "The question of sperm DNA fragmentation testing in the male 
infertility work-up: a response to Professor Lewis' commentary." Reprod Biomed Online 31(2): 138-
139. 
Drobnis, E. Z. and M. H. Johnson (2015). "Are we ready to incorporate sperm SDFragmentation testing 
into our male infertility work-up? A plea for more robust studies." Reprod Biomed Online 30(2): 111-
112. 
Robinson L, Gallos ID, Conner SJ, Rajkhowa M, Miller D, Lewis S, Kirkman-Brown J, Coomarasamy A. 
(2012). The effect of sperm DNA fragmentation on miscarriage rates: a systematic review and meta-
analysis. Human Reprod. 27 2908-2917. 
Lewis, S. E. (2015). "Should sperm DNA fragmentation testing be included in the male infertility work-
up?" Reprod Biomed Online 31(2): 134-137. 
Ni, K., A. N. Spiess, H. C. Schuppe and K. Steger (2016). "The impact of sperm protamine deficiency and 
sperm DNA damage on human male fertility: a systematic review and meta-analysis." Andrology 4(5): 
789-799. 
Osman, A., H. Alsomait, S. Seshadri, T. El-Toukhy and Y. Khalaf (2015). "The effect of sperm DNA 
fragmentation on live birth rate after IVF or ICSI: a systematic review and meta-analysis." Reprod 
Biomed Online 30(2): 120-127. 
Practice Committee of the American Society for Reproductive Medicine, 2012. "Evaluation and 
treatment of recurrent pregnancy loss: a committee opinion." Fertil Steril 98(5): 1103-1111. 
Practice Committee of the American Society for Reproductive Medicine., 2013. The clinical utility of 
sperm DNA integrity testing: a guideline. Fertil Steril 99(3): 673-677. 
Rai, R. and L. Regan (2006). "Recurrent miscarriage." Lancet 368(9535): 601-611. 
Sakkas, D., E. Seli, D. Bizzaro, N. Tarozzi and G. C. Manicardi (2003). "Abnormal spermatozoa in the 
ejaculate: abortive apoptosis and faulty nuclear remodelling during spermatogenesis." Reprod Biomed 
Online 7(4): 428-432. 
Schmid, T. E., B. Eskenazi, A. Baumgartner, F. Marchetti, S. Young, R. Weldon, D. Anderson and A. J. 
Wyrobek (2007). "The effects of male age on sperm DNA damage in healthy non-smokers." Hum 
Reprod 22(1): 180-187. 
Showell, M. G., R. Mackenzie-Proctor, J. Brown, A. Yazdani, M. T. Stankiewicz and R. J. Hart (2014). 
"Antioxidants for male subfertility." Cochrane Database Syst Rev(12): CD007411. 
Simon, L., A. Zini, A. Dyachenko, A. Ciampi and D. T. Carrell (2016). "A systematic review and meta-
analysis to determine the effect of sperm DNA damage on in vitro fertilization and intracytoplasmic 
sperm injection outcome." Asian J Androl. 
Soares, J. P., A. Cortinhas, T. Bento, J. C. Leitao, A. R. Collins, I. Gaivao and M. P. Mota (2014). "Aging 
and DNA damage in humans: a meta-analysis study." Aging (Albany NY) 6(6): 432-439. 
Tremellen, K., G. Miari, D. Froiland and J. Thompson (2007). "A randomised control trial examining the 
effect of an antioxidant (Menevit) on pregnancy outcome during IVF-ICSI treatment." Aust N Z J Obstet 
Gynaecol 47(3): 216-221. 
Zidi-Jrah, I., A. Hajlaoui, S. Mougou-Zerelli, M. Kammoun, I. Meniaoui, A. Sallem, S. Brahem, M. Fekih, 
M. Bibi, A. Saad and S. Ibala-Romdhane (2016). "Relationship between sperm aneuploidy, sperm DNA 
integrity, chromatin packaging, traditional semen parameters, and recurrent pregnancy loss." Fertil 
Steril 105(1): 58-64. 
Zini, A., W. Jamal, L. Cowan and N. Al-Hathal (2011). "Is sperm DNA damage associated with IVF 
embryo quality? A systematic review." J Assist Reprod Genet 28(5): 391-397. 
 
Jackson C Kirkman-Brown   
Centre for Human Reproductive Science (ChRS) 
Institute of Metabolism & Systems Research (IMSR) 
University of Birmingham, UK;  
Tommys National Centre for Miscarriage Research,  
Birmingham Women’s Hospital, Birmingham, UK. 
Email address: j.kirkmanbrown@bham.ac.uk 
 
Christopher De Jonge 
Andrology Program, Department of Urology 
University of Minnesota Reproductive Medicine Center, MN, US. 
Email address: cdejong1@fairview.org 
  
